Intestinal microbiota plays an important role in human health by influencing metabolic activities that result in the creation of energy and absorbable nutrients, a barrier to the colonization of pathogens, and stimulation of the immune system. The development of fecal microbiota in neonates is crucial because those bacteria are the first to colonize the sterile intestine of the neonates and, thus, have a significant effect on the host. Initial colonization is also relevant to the final composition of the permanent microbiota in adults. Bifidobacteria are predominant in the fecal microbiota of infants, and, therefore, they are important to an understanding of how commensal bifidobacteria is established in the intestine of infants. While the mother's bifidobacteria are considered to significantly influence the infant's bifidobacteria, it is not clear whether a specific bifidobacterial strain transmits vertically from mother to infant and what factors of the mother before delivery influence the establishment of intestinal bifidobacteria in infants. This review focuses on the impact of maternal bifidobacteria on the development of gut bifidobacteria in the infant and suggests that there is cumulative evidence regarding bifidobacterial transfer from the maternal gut or breast milk to the infant gut.
intestine throughout infancy. In addition, bifidobacteria remain at a high rate in fecal bacteria until old age [16] .
As for Bifidobacterium species in the infant gut, Matsuki et al. examined 27 breast-fed infants of approximately one month of age using the PCR method [17] . B. breve was the most frequently found species, followed by B. infantis and Bifidobacterium longum (B. longum). Mikami et al. [18] examined fecal samples of 110 mother-infant pairs using the PCR method. The feces collected from infants of approximately one month of age, 95% of whom were exclusively or partially breast-fed, were included in the analysis. B. breve was the most frequent species, followed by B. longum and B. infantis. In Finland, Grönlund et al. [19] examined 61 mother-infant pairs using the PCR method. Half of the mothers had received the supplementation of Bifidobacterium lactis and Lactobacillus rhamnosus (L. rhamnosus) from 15 weeks of gestation through delivery. In exclusively or partially breast-fed infants at the age of one month, the B. longum group (containing B. longum biotype longum, biotype infantis, and biotype suis) was the most frequent species, followed by Bifidobacterium bifidum (B. bifidum), Bifidobacterium animalis (B. animalis), and B. breve (the frequency of B. bifidum and B. animalis was equal). In Germany, Klessen et al. [20] examined 39 infants (human milk: 20, formula: 19) during three months of life using culture-dependent methods. In the group of infants aged one month and breast-fed, B. infantis was the most frequent, followed by B. bifidum and B. breve. This opposing result may be caused by differences in environmental and genetic backgrounds, but B. breve, B. infantis, and B. bifidum were the most popular species in infants at the age of one month worldwide.
Influence of Non-Maternal Factors on the Establishment of Bifidobacteria in an Infant's Guts

Infant Feeding
In comparing the intestinal microbiota of breast-fed and formula-fed infants, there are high numbers of bifidobacteria in the former group, while the latter group is more diverse and contains more Bacteroides, Clostridium, and Enterobacteriaceae [13, 15, [20] [21] [22] . The mother's breast milk contains a large amount of galacto-oligosaccharides as one of the main constituents, which selectively accelerate the growth of bifidobacteria [23] [24] [25] . Therefore, even if infants are fed using formulas, formulas including prebiotic oligosaccharides as a growth factor for bifidobacteria could lead to similar results as those seen in breast-fed infants. Haarman et al. [23] assessed the bifidobacterial ratio of total bacteria in infant guts using fully formula-fed term infants aged 28 to 90 days, suggesting that the percentage of bifidobacteria in breast-fed infants or infants fed formula supplemented with galacto-and fructo-oligosaccharides was significantly higher than that in the standard formula group after a six-week intervention period.
Horizontal and Vertical Transmission
After birth, the microbes from a mother's mouth and skin and those of an environmental origin transfer horizontally to the newborn through several processes [13, 26, 27] . Moreover, frequent nosocomial intestinal acquisition of hospital strains of E. coli to neonates has been suggested using plasmid profiling [27] .On the other hand, during birth through vaginal delivery, infants are first exposed to microbes that originate from the mother during the birthing process. Inoue et al. [28] analyzed fecal samples of 10 pups in the suckling stage and at maturity using an amplified ribosomal DNA restriction analysis to assess the mechanisms of bacterial transmission. Using amplified ribosomal DNA restriction analysis, the authors found that, although the diversity of intestinal microbiota during pup growth was influenced by horizontal transmission, vertically transmitted bacteria are the predominant component of intestinal microbiota. The proximity to the birth canal and the anus, as well as the parental expression of neonatal care, is an effective method of ensuring the transmission of microbes from one generation to the next [13] . For bifidobacteria that are one of the predominant bacteria in an adult's gut [29] , it is more important to primarily consider the influence of vertical transmission, in other words, the influence of maternal bifidobacteria.
Influence of Maternal Bifidobacteria on the Establishment of Infant's Bifidobacteria in the Gut
Delivery Mode
Infants born by cesarean delivery can be exposed to their mothers' microbiota, but initial exposure is most likely due to environmental isolates from equipment, air, other infants, and the nursing staff [13] . Grönlund et al. [30] examined the intestinal colonization of 64 healthy infants with different delivery mode until 180 days of age. Thirty-four infants were delivered vaginally, and 30, by cesarean section with antibiotic prophylaxis administered to their mothers before delivery. The frequency of the colonization of bifidobacterium-like bacteria was significantly smaller in the cesarean section delivery group until 10 days of age. Chen et al. [31] examined the intestinal colonization of 40 healthy breastfed infants with different delivery methods for the first seven days after birth. Twenty infants were delivered vaginally, and 20, by cesarean section, with antibiotic prophylaxis administered to their mothers before delivery. The mean levels of bifidobacteria in the vaginally delivered group were significantly higher than those in the caesarean delivery group. Pender et al. [32] showed that cesarean delivery, compared with vaginal delivery, was associated with the decreased counts of gut bifidobacteria using a linear regression analysis. In our study [18] , using a proportional odds logistic regression analysis, we determined that a cesarean section was significantly associated with decreases in both the counts and diversity of bifidobacteria in the infant gut. Given these results, it is well established that the type of delivery has a significant effect on the development of intestinal bifidobacteria in neonates.
Influence of Maternal Bifidobacteria in Gut
Bifidobacteria are predominant in the fecal microbiota of infants and play an important role; therefore, it is important to understand how maternal intestinal or vaginal bifidobacteria influence the establishment of intestinal bifidobacteria in infants. As illustrated above, the gut bifidobacteria of infants born through a cesarean section is very different from that of the neonates from a vaginal delivery [18, [30] [31] [32] , indicating a significant role of the mother-to-infant transmission of intestinal or vaginal bifidobacteria in the development of neonatal intestinal microbiota. In vaginal delivery, infants are first exposed to microbes of the mother's microbiota in the vagina or gut during the birthing process, and, therefore, the development of neonatal intestinal microbiota depends on the mother's microbiota. However, it is not clear whether a specific bifidobacterial strain vertically transmits from mother to infant, and, if so, what factors of the mothers' bifidobacteria before delivery influence the establishment of intestinal microbiota in their infants. Although there have been only a few studies, evidence of this phenomenon is accumulating.
Our study [18] demonstrated that the detection of B. breve in the mothers' feces was significantly associated with increases in both the bifidobacterial counts and number of Bifidobacterium species in the babies' feces. Grönlund et al. [33] assessed 80 mother-infant paired fecal samples to examine the influence of maternal intestinal bifidobacteria on the establishment of bifidobacteria colonizing the gut in infants using quantitative real-time PCR assays. Probiotics were given to each mother two months prior to delivery and during breast-feeding for two months. Fecal samples were taken from the mothers one month postpartum and from the infants at one and six months of age. This study found that the mothers' colonization of B. bifidum or B. breve was significantly associated with increases in the number of Bifidobacterium species in the infants' guts at both one and six months of age; however, the association between mothers' colonization of B. breve and the higher number of Bifidobacterium species in the infants' guts aged six months was marginally significant. According to these two studies, it is considered that the mothers' colonization of B. breve could affect the infants' bifidobacteria in their guts. In Finland, the influence of B. bifidum in maternal guts on the infants' gut bifidobacteria was also suggested, and B. bifidum was one of the predominant Bifidobacterium species in infant [33] ; however, this was not the case in Japan [18] . This inconsistency in the results may be caused by differences in environmental and genetic backgrounds, which means that the presence of B. breve in Japan or B. bifidum in Finland plays an important role in gut bifidobacteria in the infant. Therefore, it is crucial to determine a key Bifidobacterium species in maternal guts in each country.
Our study [18] and Grönlund et al. [19] found that there was no significant correlation between the fecal bifidobacterial counts of the mothers and those of the infants. In a separate study, however, Grönlund et al. [33] showed that there was a significant correlation between the fecal bifidobacterial counts of the mothers and those of the infants. This study was a follow-up study involving only highrisk allergy mothers who have clinical symptoms of allergies, and, therefore, these subjects may lead to different results.
As we have found, maternal intestinal bifidobacteria influences the establishment of intestinal bifidobacteria in infants, and thus, it could be important to intervene with probiotics such as bifidobacteria or prebiotics such as oligosaccharide to increase pregnant women's intestinal bifidobacteria. Shadid et al. [34] assessed 48 pregnant women supplemented three times daily with galacto-and fructo-oligosaccharides or a placebo formula from week 25 of gestation until delivery in a randomized, double-blind, placebo-controlled study. The percentages of bifidobacteria within total bacterial counts were detected by quantitative PCR in maternal and neonatal stool samples on day 5 and 20 and after six months. The study found that, in neonates, the bifidobacteria percentages, diversity, and similarity indexes did not differ significantly between the two groups. Gueimonde et al. [35] assessed 53 mother-infant pair samples to characterize both the mother-infant bifidobacteria transfer and the development of bifidobacteria microbiota at three and five weeks in infants. The study compared mothers receiving L. rhamnosus GG and those receiving a placebo regarding the transmission of intestinal bifidobacteria from mother to infant. Mothers started consumption of the placebo or L. rhamnosus four weeks before delivery and continued it until all fecal samples were collected. The study found that at five days of age, infants whose mothers received L. rhamnosus GG showed a significantly higher presence of B. breve and a lower one of B. adolescentis than those from the placebo group. In addition, L. rhamnosus GG consumption increased the bifidobacterial diversity in infants and reduced the bifidobacterial microbiota similarity between mother and infant. Similarly, Lahtinen et al [36] examined 122 mother-infant pair samples to assess the efficacy of prenatally administered probiotics from 36 weeks of gestation until delivery on intestinal colonization by particular Bifidobacterium species in infants. The study found that, at 90 days of age, the intestines of infants whose mothers received the probiotic during late pregnancy were more often colonized with the B. longum group (consisting of B. longum biotype infantis, B. longum biotype longum, and B. bifidum) than infants whose mothers received placebo, and there were trends toward increased prevalence of B. breve and decreased prevalence of B. adolescentis in the probiotic group. These results found that probiotic administration in women during late pregnancy benefits the early development of infant intestinal microbiota. These two studies indicate that probiotic L. rhamnosus GG administered to pregnant women results in an appropriate bifidobacterial mibrobiota in the maternal gut. Because there have been only a few studies on the intervention of probiotics such as bifidobacteria or prebiotics such as oligosaccharides in the intestine of pregnant women, it remains unclear whether the intervention of probiotics or prebiotics to the maternal intestine affects gut bifidobacteria in infants.
Transfer of Gut Bifidobacteria Strains from Mother to Infant
Although maternal bifidobacteria in guts may influence the intestinal bifidobacteria in the infant [18, 33] , the manner in which the species influneces the status of bifidobacteria in the infant remains unclear. One important question is whether intestinal Bifidobacterium strains vertically transmit from mother to infant. Table 1 shows the summary of studies on the transmission of Bifidobacterium strains from pregnant women's gut or vagina or from mothers' breast milk to their corresponding infant's gut. Tannock et al. [37] examined isolates of Enterobacteriaceae, lactobacilli, and bifidobacteria cultured from vaginal, rectal, and oral swabs collected from women soon after admission to a maternity hospital and compared them with those of strains detected in the feces of their infants using a plasmid profiling method. Lactobacilli, bifidobacteria, or Enterobacteriaceae inhabiting the vagina of the mothers did not appear to colonize the infant's digestive tract, but genetic evidence of the transmission of fecal isolates of Enterobacteriaceae and bifidobacteria from mother to infant was obtained in four of five cases.
Using the paired mother-infant samples, Takahashi et al. [38] examined isolates from 21 paired samples for B. breve and 34 paired samples for B. longum to evaluate the possibility of B. breve transfer during the perinatal period by the random amplification of polymorphic DNA (RAPD) [39] . The number of the isolates bearing a shared type with B. breve was about 10 times higher than that of those with B. longum, suggesting that B. breve may be frequently transferred from mothers to infants. Examination of the growth of B. breve strains revealed that shared type strains of mothers have a significantly higher growth than non-shared-type strains in the presence of galacto-oligosaccharides or at a higher redox potential. These results suggested that B. breve strains in the mothers may be transferred to their infants and that not all of the mothers' B. breve strains were easy to transfer, although B. breve strains with a higher growth ability in the presence of galacto-oligosaccharides or more strongly resilient to redox potential could transfer more easily. It is important to sequence the entire genome in order to discriminate the vertical transmission of bifidobacteria from mother to infant at the strain level. RAPD [39] , the amplified fragment length polymorphism (AFLP) [40] , and ribotyping [41] have provided rapid identification of the strain level. Furthermore, recent DNA sequencers have achieved remarkable development and a lower cost of analysis. Multilocus sequence typing (MLST) could sequence a pattern of several genes in the genome and has the capacity for high resolution, which is suitable for both species identification and strain typing [42] [43] [44] [45] . Makino et al. [46] assessed fecal samples from eight mothers before delivery and their breast-fed infants taken at 0, 3, 7, 30, and 90 days of age. This study investigated the mother-to-infant transmission of B. longum subsp. longum strains of 207 isolates from fecal samples (195 isolates) or breast milk (12 isolates) from mother-infant pairs using MLST and AFLP analysis. Eleven strains of B. longum subsp. longum were found to be monophyletic for the feces of the mother and her infant, confirming that these strains were transferred from the intestine of the mother to that of the infant. Furthermore, these strains were found in the first feces of the infant and in the feces at days 3, 7, 30, and 90 after birth, indicating that they were stable colonies in the infant's intestine immediately after birth. The strains isolated from each family did not belong to clusters derived from any of the other families, suggesting that each mother-infant pair might have unique family-specific strains. These findings confirm that specific Bifidobacterium strains in guts transmit vertically from mother to infant, expand in numbers soon after birth, and subsequently colonize. There is accumulating evidence of the importance of mother-to-infant transmission of bifidobacteria and the colonization of infant gastrointestinal tracts.
Maternal Bifidobacteria in Vagina
The presence of bifidobacteria in the vagina has been reported using a culturally dependent or independent method [18, 37, [47] [48] [49] . Verhelst et al. [49] examined 515 vaginal swabs of 197 pregnant women. The authors described a specific vaginal microbiota category termed "grade I-like," characterized by the Gram staining method, and established that half of these samples contained Bifidobacterium spp, primarily B. breve. Mikami et al. [18] examined the bifidobacterial species of 100 vaginal swabs of pregnant women. In this study, using PCR methods, bifidobacteria were detected in more than 80% of the vaginal swab samples, and B. breve was the most prevalent species, followed by the B. catenulatum group and B. adolescentis, while the count of total bifidobacteria was smaller than that of total Lactobacilli, as previously reported. Swidsinski et al. [50] investigated the putative concordance of the presence of Gardnerella vaginalis and a series of bifidobacteria between the perianal and vaginal microbiota in 10 patients with bacterial vaginosis through multicolor fluorescence in situ hybridization analysis of desquamated epithelial cells. In most women, at least one of the following species was detected perianally: B. adolescentis, B. longum, B. breve, B. bifidum,  or B. catenulatum. At the vaginal site, none of these bifidobacteria was found.
The gut bifidobacteria of infants born by cesarean section are very different from those of the neonates from a vaginal delivery [18, [30] [31] [32] , indicating the significant role of the mother-to-infant transmission of vaginal bifidobacteria in the development of neonatal intestinal microbiota. However, to our knowledge, there have been few studies showing the transmission of the bifidobacterial strain from maternal vagina to guts in infants. Tannock et al. (36) examined isolates of bifidobacteria cultured from vaginal swabs collected from women soon after admission to a maternity hospital and compared them with those of strains detected in the feces of their infants using the plasmid profiling method. Bifidobacteria inhabiting the vagina of the mothers did not appear to colonize the infants' digestive tract. In our study [18] , there was no significant correlation between the bifidobacterial counts of the vaginal swabs and those of the babies' feces. In addition, maternal bifidobacteria in the vagina were not associated with the bifidobacterial counts or the number of Bifidobacterium species in the infants' feces using a proportional odds logistic regression analysis.
Maternal Bifidobacteria in Breast Milk
Recent studies have indicated that breast milk can be another source of intestinal microbes and that the presence of bifidobacterial DNA is a common event in breast milk [19, 46, [51] [52] [53] [54] [55] . Gueimonde et al. [51] assessed breast milk samples from 20 women with their one-month old infants to examine whether human milk contained bifidobacteria using a quantitative real-time PCR method. The B. longum group (B. longum biotype longum, B. longum biotype infantis, and B. longum biotype suis) was the most predominant species, followed by the B. animalis, B. bifidum, and B. catenulatum groups. Grönlund et al. showed the same rank of bifidobacterium species as in the study of Gueimonde et al., and the median count of the genus Bifidobacterium in breast milk was 1.4 x 10 3 bacteria/ml. Martin et al. [52] assessed breast milk samples from 23 women with their infants between four and seven days after birth to isolate and identify bifidobacteria using a culture-dependent method or PCR-denaturing gradient gel electrophoresis and a quantitative real-time PCR method. B. adolescentis was the predominant species, followed by B. longum, B. bifidum, and B. breve. The mean count of the genus Bifidobacterium in breast milk was 3.35 x 10 3 bacteria/mL.
It is necessary to determine whether bifidobacteria in breast milk transfer to the gut in the infant. In order to ascertain this event, the transfer of the bifidobacterial strains in breast milk to the infant gut has to be confirmed. Solís et al. [55] primarily assessed the establishment of lactic acid bacteria and bifidobacteria during the first three months of age in 20 vaginally delivered, breast-fed, full-term infants. In addition, the presence of viable Bifidobacterium strains in the corresponding breast-milk samples was evaluated using the RAPD method. The study found that bifidobacterial strains showing the same genetic profiles were present in breast milk and the corresponding infant feces at different sampling points (detail data not shown in the paper), suggesting vertical transfer from the mother's milk to the infant. Identical profiles were not found among isolates from different infants, indicating that during the first months of age, the numerically predominant bifidobacterial populations are individual-specific. Makino et al. [46] assessed the mother-to-infant transmission of B. longum subsp. longum strains in breast milk (12 isolates) taken at 7 and 30 days after delivery and fecal samples of the corresponding infants taken at 0, 3, 7, 30, and 90 days of age using MLST and AFLP analysis. The study suggested that two monophyletic strains of B. longum subsp. longum were transferred from the breast milk to the infant gut, confirming specific Bifidobacterium strains in breast milk transfer to the corresponding infant gut. Although several authors have reported the presence of bifidobacterial DNA in breast milk samples, its isolation seems to be more difficult because its concentration of breast-milk fluid is much lower, that is, about 10 3 CFU/mL [19, 52] . Martin et al. [52] were the first to succeed in isolating bifidobacteria. However, in only eight of 22 breast milk samples was DNA detected, suggesting a fastidious growth requirement of the bacteria present in this type of sample. Further investigations are under way to clarify the importance of bacterial transfer through breastfeeding.
Although the vertical transmission of bifidobacteria in breast milk is evident, it has not been clear whether the bifidobacteria in breast milk influence the status of gut bifidobacteria in the infant. Grönlund et al. [19] found there has been no correlation between the total count of bifidobacteria in breast milk and that in the infants' feces nor was there any association between the breast milk and infants' fecal bifidobacteria colonization frequencies at the species level.
Conclusions
There is cumulative evidence concerning bifidobacterial transfer from maternal gut or breast milk to the infant gut. It has been suggested that specific strains in the pregnant mother's intestine transfer to the infant's intestine, expand in numbers soon after birth, and, subsequently, colonize in the intestine of the infant. The detection of specific species, such as B. breve or B. bifidum, in maternal guts results in better bifidobacterial ecology in the corresponding infant's gut. This depends on the differences in the environmental bacterial load and on the genetic background of the study population, and, therefore, it is important to identify appropriate bifidobacterial species better suited for each country. In addition, not all of the strains of B. breve or B. bifidum in maternal guts contribute to the bifidobacterial microbiota in the infant. For example, specific Bifidobacterium strains.with a higher growth ability in the presence of sensitivity to galacto-oligosaccharides or those more strongly resilient to the redox potential are easier to transfer to the infant gut. Further studies to detect more appropriate strains of bifidobacteria are needed in order to determine whether the intervention of those species in pregnant mothers should be considered as a probiotic. Factors that contribute to the ecology of bifidobacterial microbiota in guts in early life will continue to be explored because bifidobacteria are considered to be the most important physically and mentally beneficial bacteria for infants.
